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DIRECT AMPLIFICATION AND DIFFERENTIATION OF 
PATHOGENIC AND NONPATHOGENIC E N T A M O E B A H I S T O L Y T I C A 
DNA FROM STOOL SPECIMENS 
S Y L V I A K A T Z W I N K E L - W L A D A R S C H , T H O M A S L O S C H E R , A N D H E I N Z R I N D E R 
A b t e i l u n g für I n f e k t i o n s - u n d Tropenmedizin der Universität, München, Germany 
A b s t r a c t . D i s c r i m i n a t i o n o f pa thogenic and nonpa thogenic Entamoeba h i s t o l y t i c a is o f 
great c l i n i c a l impor tance . A s i m p l e and rap id D N A ext rac t ion me thod that can be used 
d i rec t ly w i t h s tool speeimens was d e v e l o p e d wi thou t the need for p r i o r cu l t i va t i on o f the 
parasites. T h e entire pro toeol can be pe r fo rmed at r o o m temperature in a 1.5-ml m i c r o -
centr i fuge tube format. There is no D N A pree ip i ta t ion step. T h e subsequent nested P o l y -
merase c h a i n react ion consis ts o f an in i t i a l E. histolytica-speciüc a m p l i f i c a t i o n , f o l l o w e d 
by t w o separate ampl i f i ca t ions u s ing t w o p r i m e r pairs speci f ic for pa thogenic and n o n -
pathogenic E. h i s t o l y t i c a , r espec t ive ly . A m p l i f i c a t i o n produets can be ve r i f i ed by res t r ic t ion 
endonuclease digests . There is no need for h y b r i d i z a t i o n s or the use o f rad ionuc leo t ides . 
O n e t rophozoi te per m i l l i g r a m o f s too l sample c o u l d be detected and different iated i n a 
0 .1-g spee imen. 
A m e b i a s i s is an in fec t ion o f the large intestine 
caused by the parasi t ic p r o t o z o o n Entamoeba 
h i s t o l y t i c a . G e n e r a l l y , a nonpa thogenic f o r m is 
d i s c r im ina t ed f r o m a pa thogenic one that causes 
invas ive amebias i s . B o t h forms were first dif fer-
entiated b y character is t ic i s o e n z y m e patterns. 1 It 
has been suggested that these forms const i tute 
separate species . 2 R e c e n t l y , differences on the 
g e n o m i c l eve l have a lso been descr ibed . 3 ™ 5 In 
this report, those differences in the nuc leo t ide 
sequences o f a s m a l l subuni t r i b o s o m a l R N A 
gene were used to deve lop a s i m p l e yet sensi t ive 
P o l y m e r a s e cha in react ion ( P C R ) technique to 
detect and differentiate both forms at the same 
t ime . 
In a first attempt to a v o i d t i m e - c o n s u m i n g 
c u l t i v a t i o n methods, E. h i s t o l y t i c a D N A f rom 
s tool samples was a m p l i f i e d us ing f reez ing w i t h 
dry ice . an ul t rasonic generator, and a 24-hr i n -
eubat ion step. 6 In an effort to find a method that 
is fast and s imp le enough to be per formed at 
r o o m temperature wi thou t the need for spec ia l 
equ ipment , a pro toeol was d e v e l o p e d to detect 
one t rophozoi te per m i l l i g r a m i n a 0 .1-g s tool 
sample . 
MATERIALS AND METHODS 
Entamoeba h i s t o l y t i c a trophozoites. T r o p h o -
zoi tes o f the pathogenic strain H K - 9 were g r o w n 
i n axen ic cul ture us ing T P S - 1 m e d i u m as de-
sc r ibed by D i a m o n d and c ryoprese rved i n l i q u i d 
n i t rogen . 7 
Stool speeimens. S t o o l samples (0.1 g) f r o m 
an a symptoma t i c person wi thou t m i c r o s c o p i c a l -
l y detectable parasites were m i x e d w i t h def ined 
numbers o f H K - 9 t rophozoi tes . Spee imens were 
also obta ined f rom three patients pos i t i ve for E. 
h i s t o l y t i c a cysts o n m i c r o s c o p i c e x a m i n a t i o n . 
C y s t concentra t ions were not de te rmined . 
Extractions of D N A . F o r the c o m p a r i s o n o f 
D N A ex t rac t ion methods , 5 0 0 0 H K - 9 t ropho-
zoites were added to 0.1 g o f s too l . In a m o d i -
fication o f an Echinococcus m u l t i l o c u l a r i s D N A 
ext rac t ion m e t h o d used w i t h fox feces, 7 these 
0 .1-g s tool samples were transferred to 1.5-ml 
m i c r o c e n tri fuge tubes, 33.3 |xl o f 1 M K O H and 
9.3 uJ o f 1 M D T T were added and m i x e d thor-
o u g h l y by s t i r r ing w i t h a pipette t ip , f o l l o w e d by 
b r i e f s h a k i n g . 8 A f t e r ineuba t ion at 6 5 ° C for 15 
m i n , the samples were neut ra l ized w i t h 4.3 |xl 
o f 2 5 % H C l , buffered w i t h 80 |xl o f 2 M T r i s -
H C 1 ( p H 8.3), and the Suspension was m i x e d 
again . T h e D N A was extracted by shak ing w i t h 
2 5 0 JJLI o f p h e n o l : c h l o r o f o r m : i s o a m y l a l c o h o l 
( P C I , 25 :24 :1) saturated w i t h 10 m M T r i s ( p H 
8.0), 1 m M E D T A ( S i g m a , St. L o u i s , M O ) . T h e 
phases were separated by a 4 - m i n sp in i n a m i -
crocentr i fuge. T h e aqueous phase was trans-
ferred to a n e w tube and the D N A was further 
pur i f ied by adsorpt ion to 5 jxl o f a s i l i c a ge l Sus-
pens ion (Genec l ean ; B i o 101, L a J o l l a , C A ) . T h e 
D N A was e lu ted in 38.2 |xl o f water . 
F o r c o m p a r i s o n , some 0 .1-g s tool samples 
were first washed b y suspending them i n 7 0 0 u,l 
1 1 5 
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o f 0 . 9 % N a C l . A f t e r cent r i fuga t ion , the super-
natant was d i scarded . S o m e samples were P C I -
extracted three t imes and others were not ex -
tracted. T h e Proteinase K d iges t ion process used 
was adopted f r o m a Standard p r o t o e o l . 9 
Nested P C R . P r i m e r cons t rue t ion was based 
o n pa thogenic and nonpa thogen ic sequences 
f r o m a s m a l l subuni t r i b o s o m a l R N A gene . 4 F o r 
the first P C R , the p r i m e r pa i r E H - 1 ( T T T G T A 
T T A G T A C A A A ) and E H - 2 ( G T A ( A , G ) T A 
T T G A T A T A C T ) , w h i c h speeif ied a 0 .9 -kb 
fragment, was used. F o r the second (nested) 
P C R , t w o different p r i m e r pairs that were spe-
c i f i c f or the pa thogenic f o r m ( E H P - 1 : A A T 
G G C C A A T T C A T T C A A T G and E H P - 2 : 
T C T A G A A A C A A T G C T T C T C T ) o r the 
nonpa thogenic f o r m ( E H N - 1 : A G T G G C C A A 
T T T A T G T A A G T and E H N - 2 : T T T A G A 
A A C A A T G T T T C T T C ) were used. A l l p r i m -
ers were obta ined f r o m G e n z e n t r u m ( M a r t i n s -
ried, G e r m a n y ) . T h e P C R s were done u s ing a 
hot start technique i n w h i c h the 38 .2 - |x l D N A 
extracts o r 2 (xl o f the first P C R i n 36.2 jxl water 
were denatured at 9 6 ° C for 2 m i n after the ad-
d i t i o n o f 1 (xl each o f 5 0 m M Solut ions o f the 
p r imers and t w o drops o f mine ra l o i l . A f t e r c o o l -
i n g to 8 0 ° C , 9.8 [xl o f a f reshly prepared m i x t u r e 
o f 5 [L\ o f buffer (100 m M T r i s - H C l , p H 8.3, 
5 0 0 m M K C l ) , 4 pJ o f 50 m M M g C l 2 , 0.5 u,l o f 
d N T P - m i x (25 m M each; U n i t e d States B i o -
c h e m i c a l C o r p . , C l e v e l a n d , O H ) , and 0.5 jxl (5 
U/ jx l ) o f T a q Po lymera se ( A m e r s h a m B u c h l e r , 
B r a u n s c h w e i g , G e r m a n y ) was added. F i f t y c y -
cles were pe r fo rmed w i t h denaturat ion at 9 2 ° C 
for 6 0 sec, annea l ing at 4 3 ° C for 6 0 sec for E H -
1/-2 o r at 6 2 ° C for 6 0 sec for both E H P - 1 1 - 2 and 
E H N - 1 / - 2 , and ex tens ion at 7 2 ° c for 9 0 sec. 
P roduc t s were v i s u a l i z e d on a 1 3 % agarose gel 
con t a in ing 0.2 (xg/ml o f e t h i d i u m b r o m i d e ( S i g -
ma) . 
Restriction endonuclease digests. B a n d s ex-
c i sed f r o m the agarose ge l were s i l i c a g e l - p u -
r i f ied as descr ibed above , e luted i n 9.6 juul o f w a -
ter, and after the add i t ion o f 1.2 jxl o f buffer ( N r . 
4 ; N e w E n g l a n d B i o l a b s , B e v e r l y , M A ) , digest-
ed w i t h 0.8 \x\ (10 U / u J ) o f D r a I ( A p p l i g e n e , 
I i i k i r c h , F rance) for 6 0 m i n at 3 7 ° C , f o l l o w e d b y 
the add i t ion o f 0.4 fxl (10 U / f i l ) o f Sau 96 I 
( N e w E n g l a n d B i o l a b s ) and further ineuba t ion 
at the same temperature for another 90 m i n . 
RESULTS 
D N A extraction methods. A f t e r 9 0 m i n o f 
d iges t ion w i t h Proteinase K , no a m p l i f i c a t i o n 
produets c o u l d be detected. T o generate a r a p i d 
p ro toeo l , longer ineuba t ion t imes were not c o n -
s idered. In contrast , the a lka l i ne ly s i s m e t h o d 
y i e l d e d a 0 .9 -kb band . In an attempt to s i m p l i f y 
the me thod , it was found that the in i t i a l w a s h i n g 
step w i t h 0 . 9 % N a C l c o u l d be omi t t ed w i thou t 
a detectable loss o f produet . H o w e v e r , the P C I 
ex t rac t ion p r o v e d to be essent ia l , but no change 
i n y i e l d resul ted f r o m repeat ing it t w o more 
t imes . 
Volume of speeimens and detection limit. 
S i n c e s tool componen t s are k n o w n to i nh ib i t 
P C R ampl i f i ca t ions , 0.03 g , 0.08 g , 0.2 g , and 
0.5 g o f s tool at a concen t ra t ion o f 50 H K - 9 
t rophozoi tes per m i l l i g r a m were extracted and 
the D N A was a m p l i f i e d as desc r ibed . T h e o p t i -
m a l amount o f s tool was found to be be tween 
0.08 g and 0.2 g. U s i n g a sample s ize o f 0.1 g , 
the detec t ion l i m i t was f o u n d to be one t ropho-
zoi te per m i l l i g r a m o f s tool w h e n 1,000, 300 , 
100, 30 , and 10 t rophozoi tes , r espec t ive ly , were 
tested i n a 0 .1-g stool sample . 
Specificity of the P C R primers. T h e p r i m e r 
pa i r E H - 1 and E H - 2 is c o m p l e m e n t a r y to bo th 
pa thogenic and nonpa thogen ic sequences w i t h 
the e x c e p t i o n o f E H - 2 , i n w h i c h the pa thogenic 
and the nonpa thogen ic fo rms d i f fer at the fourth 
base. T h e E H - 2 p r i m e r was therefore construet-
ed t w o - f o l d degenerate ly , i .e. , as a mix tu re w i t h 
h a l f c o r r e s p o n d i n g to the pa thogenic sequence 
and the other h a l f co r r e spond ing to the nonpath-
ogen ic sequence. T h e first, the p reampl i f i ca t ion 
P C R w i t h E H - 1 and E H - 2 , is f o l l o w e d by t w o 
add i t i ona l P C R s , each o f w h i c h is specif ic for 
ei ther the pa thogenic o r the nonpathogenic se-
quence . T h e p r imers used for these reactions are 
loca ted d o w n s t r e a m o f E H - 1 and E H - 2 , m a k i n g 
this a nested P C R to increase sens i t iv i ty . T h e 
t w o p r i m e r pairs used i n these second P C R s 
were construeted in such a w a y that mutat ions 
s p e c i f y i n g pa thogenic or nonpathogenic forms 
are p l a c e d near the 3 ' end to increase specif ic i ty 
at the same t ime . T h i s is i n agreement w i t h an 
ear l ie r Observat ion that an absolute requirement 
for P C R pr imers to funet ion is a perfect match 
o f at least t w o bases at the 3 ' e n d . 1 0 T h e p r imer 
pa i r E H P - 1 and E H P - 2 , as w e l l as the p r imer 
pa i r E H N - 1 and E H N - 2 , were found to selec-
t i ve ly a m p l i f y pa thogenic or nonpathogenic E . 
h i s t o l y t i c a D N A , r espec t ive ly (F igu re 1). 
Verification of the P C R produets by re-
striction endonuclease digest. T h e results o f 
the P C R ampl i f i ca t ions were con f i rmed by a re-
AMPLIFICATION O F /;. H I S T O L Y T I C A DNA 1 17 
H A B C 
n p p n p n p n 
kb 
2 . 0 -
1.0 -
0 .5 -
F I G U R E 1. Polymerase chain reaction (PCR) amplification produets of cultured trophozoites from the patho-
genic strain H K - 9 of E n t a m o e b a h i s t o l y t i c a (H) and three nonpathogenic patient speeimens (A, B , and C ) . The 
second, nested P C R shown was performed with the primer pair EHP-1 and E H P - 2 (p) or with the primer pair 
E H N - 1 and E H N - 2 (n), respectively. kb = kilobases. 
s t r ic t ion endonuclease doub le d iges t ion w i t h 
D r a l and Sau 96 I. T h e D r a \ res t r ic t ion site is 
c o m m o n to both forms and conf i rms the pres-
ence o f E . h i s t o l y t i c a D N A by p r o d u c i n g a 0 .55-
kb band . T h e r e m a i n i n g 0 .35-kb fragment c o n -
F I G U R E 2. Restriction endonuclease digestions of 
the produets from polymerase chain reactions reactions 
as described in Figure 1. a, nonpathogenic E n t a m o e b a 
h i s t o l y t i c a D N A . b, pathogenic H K - 9 D N A . U = un-
digested; D = digested with D r a I and Sau 96 I. kb = 
kilobases. 
tains a Sau 96 I res t r ic t ion site 0.2 kb f rom the 
3 ' end o f the nonpa thogenic sequence w i t h a 
base muta t ion in the pa thogenic f o r m . Therefore , 
the p a t h o g e n i c D N A e x h i b i t s c h a r a c t e r i s t i c 
bands o f 0.55 kb and 0.35 kb , usua l ly w i t h some 
o f the undiges ted 0 .9-kb band r e m a i n i n g . T h e 
nonpa thogenic D N A y i e ld s a band o f 0.55 k b 
and a confluent doub le band o f 0 . 1 5 - 0 . 2 k b , of-
ten w i t h a par t ia l d iges t ion produet o f 0.7 kb 
(F igu re 2) . 
D I S C U S S I O N 
T h e pro toeol descr ibed p rov ides a method to 
sens i t ive ly and se lec t ive ly detect and d i f ferent i -
ate between pa thogenic and nonpa thogenic E . 
h i s t o l y t i c a D N A d i rec t ly f rom stool speeimens 
wi thout the need for p r io r c u l t i v a t i o n . A p a r t 
f rom the often unsuccessful and t i m e - c o n s u m i n g 
cu l t i va t i on attempts, poss ib le misd iagnoses by 
one strain d i s p l a c i n g another i n m i x e d infect ions 
are be ing avo ided . T h e me thod is fast and s i m -
ple because a l l ex t rac t ion steps can be per-
fo rmed at r o o m temperature in a 1.5-ml m i c r o -
cen t r i fuge tube fo rma t . N e i t h e r i ce no r 
refr igerat ion is requi red . The re is no preeip i ta-
t i o n step, e l i m i n a t i n g p r o b l e m s w i t h s m a l l 
amounts o f D N A . N o labor ious hyb r id i za t i ons 
or the use o f rad ionuc leo t ides are requi red . T h e 
w h o l e procedure can be pe r fo rmed in one day. 
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